Although the characteristics of 15-a-side rugby union players have been well defined, there is little information on rugby sevens players. Purpose: The authors profiled the anthropometric, physiological, and performance qualities of elite-level rugby sevens players and quantified relationships between these characteristics. Methods: Eighteen male international rugby sevens players undertook anthropometric (body mass, height, sum of 7 skinfolds, lean-mass index), acceleration and speed (40-m sprint), muscle-power (vertical jump), repeatedsprint-ability (6 × 30-m sprint), and endurance (Yo-Yo Intermittent Recovery test and treadmill VO 2max ) testing. Associations between measurements were assessed by correlation analysis. Results: Rugby sevens players had anthropometric characteristics (body mass 89.7 ± 7.6 kg, height 1.83 ± 0.06 m, sum of 7 skinfolds 52.2 ± 11.5 mm; mean ± SD) similar to those of backs in international 15-player rugby union. Acceleration and speed (40-m sprint 5.11 ± 0.15 s), muscle-power (vertical jump 66 ± 7 cm), and endurance (VO 2max 53.8 ± 3.4 mL · kg -1 · min -1 ) qualities were similar to, or better than, those of professional 15-a-side players. Coefficients of variation ranged from 2.5% to 22%. Relative VO 2max was largely correlated with Yo-Yo distance (r = .60, .21-.82; 90% confidence interval) and moderately correlated with 40-m sprint time (r = -.46, -.75 to -.02) and repeated-sprint ability (r = -.38, -.72 to .09). Conclusions: International rugby sevens players require highly developed speed, power, and endurance to tolerate the demands of competition. The small between-athletes variability of characteristics in rugby sevens players highlights the need for relatively uniform physical and performance standards in contrast with 15-a-side players.
Rugby union is an international sport with demands broadly characterized by a high frequency of physical contacts and repeated intermittent bouts of high-intensity activity. 1 To perform under these physiological demands, players need to develop endurance, power, speed and acceleration, and sport-specific skills. However, the specific demands of competition differ markedly between 15-player rugby union and rugby sevens. Rugby sevens is a format of rugby union that has increased in popularity in recent years and will be contested at the Olympic Games from 2016. The laws of rugby sevens, including the field dimensions, are substantially the same as 15-player rugby union with the major exceptions being the reduced number of players (7 per team) and shorter match duration (two 7-min halves). Differences in the physiological requirements of the 2 rugby formats suggest that the characteristics of high-level players in each format may also differ.
Given the ~45% greater relative running volume and ~135% greater high-velocity (>5 m/s) running demands than in 15-player rugby union, 2 it is likely that international-level rugby sevens players will have high levels of endurance and different body-fat and lean-mass profiles than 15-a-side rugby union players. Although additional body fat may act as a protective buffer in contact situations, excess fat reduces a player's power-toweight ratio and ability to accelerate and increases energy expenditure. 3 As rugby sevens players are often selected based on their superior speed and endurance qualities, it is likely that a typical international-level player would have a relatively lower level of adipose tissue than a 15-a-side player.
Studies of injury epidemiology, 4 kinanthropometry and work-rate profiles, 5 competition movement patterns, 2, 6 and immune markers 7 in rugby sevens indicate that the basic anthropometric characteristics of rugby sevens players are substantially different from those of 15-a-side rugby players. 8 International rugby sevens backs are ~2 cm shorter and ~6 kg lighter than international 15-a-side backs, while forwards are ~1 cm shorter and ~13 kg lighter than their 15-a-side counterparts. 4 Although the physiological capacities of 15-a-side rugby union players have been reported, 1 this information is not available on rugby sevens players. A comprehensive understanding of the anthropometric and fitness characteristics of top-level rugby sevens players is needed to guide talent identification and development programs, individualize training prescription, and facilitate the transition of players to the more specialized sevens format. Furthermore, examining the association between anthropometric and fitness attributes in rugby sevens players is needed for effective prescription of sport-specific strength and conditioning programs. Quantifying relationships between laboratory-and field-based assessments will bridge the gap between cross-sectional player evaluations and on-field performance monitoring. The purpose of this study was to profile the physiological, anthropometric, and performance characteristics of high-level rugby sevens players and compare these results with previously published values for 15-a-side rugby union players. A secondary aim was to quantify the relationships between various anthropometric-, physiological-, and performance-test results.
Methods

Experimental Approach
A cross-sectional study design was used to assess the anthropometric, physiological, and performance characteristics of members of a national men's rugby sevens squad. Players were tested for anthropometry, acceleration and speed, lower-body muscle power, repeated-sprint ability, and endurance over a 7-day period during the international competition season. Tests were selected using recommendations for the assessment of rugby union players. 3 Sufficient recovery times were allowed between physical assessments to ensure that players gave a maximal effort and to limit the influence of residual or cumulative fatigue on test results. Anthropometric assessments were performed before physiological testing to ensure that players presented in a hydrated state. Players received verbal encouragement for each test to support a maximal effort. All equipment was calibrated before testing.
Subjects
Eighteen male players (age 21.9 ± 2.0 y, mean ± SD) from a national rugby sevens squad provided written informed consent to participate in the study. They were instructed to consume their normal pretraining diet and refrain from intense exercise for at least 48 hours before the first day of testing. Only data collected on players free of injury and illness are reported. The study was approved by the University of Canberra Committee for Ethics in Human Research and the Australian Institute of Sport Ethics Committee.
Anthropometric Assessment
Overnight-fasted body mass, height, and skinfold thickness were measured by standard laboratory techniques. 9 The sum of biceps, triceps, subscapular, suprailiac, abdomen, front-thigh, and medial-calf skinfolds is reported. The typical error of measurement (TE) for sum of 7 skinfolds is 1.3 mm, and <1% for body mass and height.
A lean-mass index was calculated for each player as M/ S 0.14 , where M is body mass (kg) and S is the sum of skinfolds (mm). 10 Vertical Jump. Lower-body muscle power was estimated using a jump-height-measuring device (Yardstick, Swift Performance Equipment, Lismore, Australia). A minimum of 3 double-foot-stance countermovement jumps with arm swing were performed until each player achieved his maximum jump height. Vertical-jump height was calculated as the difference between maximum standing reach height and the highest point reached during the vertical jump. The TE for the vertical-jump test is 1.5 cm.
Physiological and Performance Assessments
Yo-Yo Intermittent Recovery Level 1 Test. The Yo-Yo Intermittent Recovery level 1 test (Yo-Yo IR1) was performed under standardized conditions as a measure of endurance. 11 The Yo-Yo IR1 involves acceleration, deceleration, and change of direction, making it more specific to the work demands of rugby union than continuous-running endurance tests. The total distance covered was recorded as the performance measure. The TE for the Yo-Yo IR1 is 90 m.
6 × 30-m Repeated-Sprint Ability Test. The 6 × 30-m repeated-sprint ability test is designed to evaluate a player's speed-endurance qualities and ability to resist fatigue under time and distance demands similar to those experienced during a rugby union match. The repeatedsprint test 12 was performed indoors on a synthetic track with players starting 1.0 m behind the electronic timing gates (Speedlight TT, Swift Performance Equipment, Lismore, Australia) for each sprint to reduce the likelihood of false starts. The cumulative time to complete the 6 sprints was recorded to the nearest 0.01 second for analysis. The TE for the repeated-sprint ability test is 0.7%.
VO 2max
Test. An incremental running test was conducted on a motorized treadmill under standardized laboratory conditions to determine players' maximal oxygen uptake (VO 2max ) and running velocity at VO 2max (vVO 2max ). The test started at 11 km/h (0% gradient), increasing by 1 km · h -1 · min -1 to a speed of 14 km/h. Thereafter, the gradient increased by 1% each minute until volitional exhaustion. vVO 2max was calculated by linear regression of the submaximal speed-VO 2 relationship. VO 2max is reported in absolute units (L/min) and relative to body mass (mL · kg -1 · min -1 ). The TE for the VO 2max test is 2.1%.
All players were familiar with the physiologicalassessment protocols except the VO 2max and repeatedsprint ability tests, although they had been exposed to repeated-effort short-interval sprints during previous fitness-training sessions. Four players did not complete the repeated-sprint ability test, 3 players did not complete the VO 2max test and Yo-Yo IR1, and 2 players did not complete the vertical jump and 40-m sprint due to injury or illness.
Statistical Analysis
Measures of centrality and spread are reported as mean ± SD. The between-athletes variability of measurements was calculated as the coefficient of variation expressed as a percent. The smallest worthwhile change for each assessment measure was calculated as 0.2 × betweenathletes SD. 13 The smallest worthwhile change is defined as the smallest change in a test score likely to be relevant physiologically, or in performance terms, to the average player. Pearson product-moment correlation analyses were conducted to determine linear relationships between independent measures. Magnitudes of correlation were classified using the following criteria: r = ±0 to .1 trivial, ±.1 to .3 small, ±.3 to .5 moderate, ±.5 to .7 large, ±.7 to .9 very large, and <-.9 or >.9 nearly perfect. Precision of estimates is indicated by the 90% confidence interval, which defines the range representing the uncertainty in the true value of the unknown population mean. Relationships were reported as unclear when the confidence interval of the correlation coefficient crossed the threshold for both substantially positive (.1) and negative (-.1) values.
Results
Anthropometric, Physiological, and Performance Characteristics
Anthropometric characteristics of the 12 backs and 6 forwards in the squad, as well as the coefficient of variation and smallest worthwhile change for each measure, are presented in Table 1 . Between-athletes variability of sum of skinfolds (22%) was more than double that of other anthropometric measurements (3.3-8.4%). The performance-and physiological-assessment results of 16 players are presented in Table 2 . The coefficient of 
Associations Between Anthropometric, Physiological, and Performance Characteristics
Correlations between anthropometric, physiological, and performance measures are presented in Table 3 . Pairwise correlations of 20-and 30-m sprint times with other variables closely mirrored the results of 40-m sprint time and are not shown. Several substantial relationships were observed between field-and laboratorybased performance and physiological measures (Table  4) . Yo-Yo IR1 performance was largely correlated with relative VO 2max ( Figure 1[A] ), very largely correlated with vVO 2max (Figure 1 [B]), and moderately correlated with sum of skinfolds and had unclear associations with other performance tests. Sprint time measured over 40 m was nearly perfectly related to repeated-sprint ability and had a moderate inverse association with absolute and relative VO 2max ( Figure 1[C] ). Relative VO 2max also had a moderate negative correlation with repeated-sprint time ( Figure 1[D] ).
Discussion
This is the first study to concurrently profile the physiological, anthropometric, and performance characteristics, and relationships between these qualities, in male rugby sevens players. To meet the physiological demands of both the 15-player and sevens formats of rugby union, players require highly developed speed, muscle power, and aerobic and anaerobic endurance. 1 The rugby sevens players in this study were 3 to 5 kg heavier and 4 cm taller than reports of sevens players in 1996 5 and 2003 7 but of an age, height, and body mass similar to more recent reports of international players. 2, 4 Our results confirm previous findings that, although younger, international rugby sevens players more closely resemble the height and body mass of international 15-a-side rugby union backs than forwards. 4 The players in this study were ~6 to 17 kg lighter and ~1 to 5 cm shorter than reports of professional 15-a-side rugby union players in studies that did not differentiate between positional groups. [14] [15] [16] [17] [18] [19] [20] However, the sevens players were similar to the backs group in several studies (mean body-mass range 85-93 kg, height 1.80-1.83 m). 10, [21] [22] [23] [24] Similarly, rugby sevens .06-.75
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. players were substantially leaner than professional rugby union players (sum of skinfolds 15-61% lower) and exhibited a 1% to 14% lower lean-mass index. 10, 20 Variations in sprint starting protocols between studies may lead to slower times in the current study than previous reports. 16, 21 Despite these differences, rugby sevens players in this study had similar sprint times over 10 and 20 m 16 and ~2% (0.07-0.12 s) faster times over 40 m than previous reports of elite rugby union players. 1, 19 Rugby sevens players were ~6% to 8% faster than elite forwards up to 20 m but only ~2% faster than elite backs for 20-and 30-m sprints. 21 Over 30 to 40 m, 15-a-side forwards reached a v max of 8.4 ± 0.4 m/s, and backs, 9.2 ± 0.3 m/s, 23 comparable to the 9.2 ± 0.4 m/s attained by players in this study. The peak velocity achieved by players during international rugby sevens tournaments (8.5 ± 1.1 m/s) is in excess of 90% of the v max measured in the straight 40-m sprint. 2 Comparisons with published data suggest that international-level rugby sevens players possess acceleration qualities similar to or exceeding those of elite rugby union players and v max values comparable to those of professional 15-player rugby backs. A player's momentum is another important consideration, especially in collisions, as greater size and speed is advantageous when attempting to effect or break a tackle. 25 To maximize performance, the training of rugby players should achieve the ideal balance between speed and body mass.
The absolute VO 2max of rugby sevens players was ~10% less than reported for international rugby union forwards, 26 although similar to or greater than (~-2% to 31%) that of international and professional players when reported relative to body mass. 17, 22, 24, 26, 27 The moderate aerobic power of rugby sevens players (~54 mL · kg -1 · min -1 ) suggests that it is only one of several requirements in the international player's fitness profile. This notion is supported by the players' performance in the team sport-specific Yo-Yo IR1 and repeated-sprint ability test. Yo-Yo IR1 performance was ~36% higher than results of professional rugby league players 28 but ~7% less than in elite international soccer players. 11 The interpretation of repeated-sprint test results is typically protocol-and analysis-dependent. In agreement with previous observations, the cumulative time to complete six 30-m sprints was more closely related to single sprint times than aerobic capacity. 12 Repeated-sprint ability is likely constrained by several physiological factors including aerobic capacity, anaerobic capacity, muscle excitability and neural drive, and muscle buffer capacity.
Despite their high correlation, the estimation of relative VO 2max from field-based Yo-Yo IR1 performance is not recommended given the wide confidence interval of the relationship (Figure 1[A] ). While both measures supposedly reflect underlying endurance qualities under maximal activation of the aerobic system, the Yo-Yo IR1 is an intermittent, team-sport-specific test better representing players' capacity to perform repeated highintensity exercise. 11 The relatively low shared variance between Yo-Yo IR1 and relative VO 2max (R 2 = .36) suggests that factors other than aerobic capacity are likely to affect performance in the field-based test. Studies of other sports demonstrate that the Yo-Yo test is a more accurate predictor of on-field performance than VO 2max and more sensitive in discriminating between athletes of different levels and evaluating training interventions. 11 The vVO 2max , incorporating both running economy and aerobic capacity, had a stronger relationship with Yo-Yo IR1 than VO 2max with tighter confidence limits ( Figure  1[B] ). A player's vVO 2max may be a more useful indicator of running performance potential than VO 2max alone.
High levels of aerobic and anaerobic endurance are required for competitive success in rugby sevens given the substantially higher running demands of rugby sevens tournaments than in 15-player rugby union. 2, 6 Moreover, the tournament format of rugby sevens competitions necessitates rapid recovery of players to complete up to 6 matches over 2 days. To optimize physical preparation, players need to train to meet the work demands specific to their level of competition. There is an increase in the movement demands from domestic-to international-level rugby sevens tournaments (eg, 27% greater distance covered per minute at ≥6 m/s and 39% more high accelerations per minute). 2 The well-developed physiological qualities of international players may contribute to the higher intensity of play and promote more rapid recovery within and between matches. Players with betterdeveloped fitness qualities may also have a reduced risk of injury 29 and be less susceptible to fatigue-related errors in skill execution. 30 Correlations between anthropometric, performance, and physiological measures emphasize the importance of physique and body composition in rugby sevens players. A higher sum of skinfold thicknesses was associated with poorer sprint times, v max , repeated-sprint ability, and relative VO 2max . For example, a 10-mm increase in skinfolds was associated with a 0.07-second increase in 40-m sprint time-more than double the smallest worthwhile change. Surprisingly, though, skinfolds were also positively related to Yo-Yo IR1 performance. Moderate correlations between VO 2max , acceleration, speed, and repeated-sprint ability indicate that international rugby sevens players have both highly developed speed and aerobic-endurance qualities. The need for lower-body power development and neuromuscular coordination is also demonstrated by the relationships between maximum vertical-jump height, 10-and 40-m sprint time, v max , momentum, and repeated-sprint ability. The lower-body muscle power (vertical jump) of rugby sevens players was ~10% greater than that of international-level players in 1994 31 and similar to that of contemporary internationallevel players (66 ± 7 cm, mean ± SD, n = 29, unpublished data, Australian Rugby Union). Evidently, the physical preparation of rugby sevens players should limit levels of body fat, which do not contribute to power development or endurance, and promote power production without negating endurance capacity.
After the inclusion of rugby sevens in the Olympic Games and associated development of players and conditioning programs, it is likely there will be greater specialization of players between the 2 rugby formats. Historically, rugby sevens has been used as a development pathway for younger rugby players transitioning to international 15-a-side competition. Players in the current study were 5.7 years younger than 15-a-side rugby players during the International Rugby Board Rugby World Cup 2007. 8 Younger players are likely to develop their absolute lean mass, strength, and power qualities over a period of several years. Although measurement of additional strength qualities, such as maximum bench press, back squat, and chin-up, was not possible due to time constraints within the competitive season, these data would provide a more comprehensive description of the characteristics of elite rugby sevens players. Future studies should also address the effects of playing style, selection policy, and ethnicity on physical characteristics and movement patterns of sevens players in different nations and on winning teams.
In 15-player rugby union there has traditionally been differentiation between the positional roles and physical requirements of backs and forwards. 1 Given the reduced number of players on the field in rugby sevens, there is a greater requirement for all players to develop a broad skill set and more similar physiological characteristics to meet the demands of play. The homogeneity of results in the current players, represented by the relatively small coefficients of variation, demonstrates the relative uniformity in characteristics between positions in rugby sevens. Irrespective of playing position, all rugby sevens players require speed, ball-handling skills, change of direction pace, adroit defensive skills, and strength and power to secure the ball in contact situations. Indeed, it is not uncommon for players competing as backs in 15-a-side rugby to play as forwards in rugby sevens.
The utility of fitness and anthropometric testing in rugby sevens players relates to the reliability (noise, expressed as a TE) of the test relative to the smallest worthwhile change (signal). The relatively low betweenathletes variation in test results means that the smallest worthwhile change likely to affect performance is also small for most tests. For example, the sum of skinfolds is a useful assessment for measuring changes in bodyfat levels because the signal exceeds the noise, while the vertical jump and 40-m sprint are acceptable because the signal is similar to the noise. Conversely, the Yo-Yo IR1 offers only marginal utility given that the test reliability (90 m) is poorer than the smallest worthwhile change (54 m). Although tests such as the Yo-Yo IR1 are only marginally useful in detecting practically important changes in performance, this does not necessarily diminish their relative importance. Clearly, most coaches would regard sport-specific endurance as an important aspect of rugby performance. The reliability of laboratory-and field-based tests requires strict adherence to test protocols and calibration procedures; subject familiarization, motivation, and warm-up; and, when appropriate, repeat trials. Collectively, the battery of assessments in this study provides an acceptable level of reliability to detect practically important changes in rugby sevens performance.
Practical Applications
Our findings provide an important first step toward the development of physical-performance standards for players training to compete at the international level. Top-level rugby sevens players exhibit highly developed characteristics across a range of fitness measures, implying that training programs should develop all physical capacities. Endurance, speed, acceleration, repeatedsprint, and power measures may be improved without compromising other qualities pertinent to performance. Based on the potential for competing demands, players training concurrently for both rugby union and rugby sevens should prioritize their training program according to specific anthropometric and fitness requirements and timing of competitive seasons.
Although position-specific skills and physiological requirements must be considered when interpreting testing results, there is a need for players of all positions to achieve minimum performance standards for competitive success at the international level. Assessing an individual player's strengths and weaknesses facilitates the prescription of an individualized training program. 3 Regular physiological and anthropometric assessments are recommended to monitor players' physical development and progression. Simple field-based measures may be employed to assess training adaptations and prescribe velocity thresholds for performance monitoring in place of time-consuming and expensive laboratory-based tests. A structured testing regimen conducted at various phases of the season (eg, off-season, preseason, midseason) will assist in planning periodized training programs and evaluating their effectiveness.
Conclusion
Elite male rugby sevens players have anthropometric characteristics similar to those of backs in international 15-player rugby union and acceleration and speed, lowerbody muscle power, and relative maximal aerobic power similar to, or exceeding, those of professional 15-a-side players. To meet the demands of competition, rugby sevens players require highly developed speed, power, and endurance qualities. The small between-athletes variability of characteristics in rugby sevens players highlights the need for relatively uniform physical and performance standards in contrast with 15-a-side players. Field-based testing provides a simple, inexpensive, and effective method of evaluating fitness qualities in rugby sevens players.
